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ORTHOPAEDIC CEMENT FIXING DEVICE 

The present invention relates to a device for 
mixing and delivering orthopaedic bone cement or the 
5 like. 

Orthopaedic bone cement is used throughout the 
world to secure hip, knee and other anatomic prostheses 
. in an appropriate anatomical position. The bone cement 
is produced by thoroughly mixing together two 

10 components, usually methylmethacrylate monomer liquid 
and polymethylmethacrylate powder. The mixing was 
previously carried out using a simple bowl and spatula. 
The surgeon then removes the required amount of cement 
and manipulates it by hand before inserting it into a 

15 preformed cavity or applying it to a resected bony 
surface where the prosthesis is to be positioned. 
Cement may either be applied by hand or may be put into 
a syringe and applied thereby. 

Several improvements have been made to this mixing 

2 0 arrangement, including providing arrangements for mixing 
under vacuum, and to improve the mixing efficiency, to 
result in a homogenous cement material . 

Several devices for mixing cement, usually in a 
vacuum, are presently available and in general use. 

25 Of the available devices, the preferred forms are 

the ' bowl ' type mixers and the ■ syringe ' mixers . 

Bowl type mixers are provided usually in the form 
of hand-held mixing bowls. The substances to be mixed 
are placed in the bowl to which a vacuum is applied. 

30 The substances are mixed by means of a rotating paddle • 
extending into the bowl, which is rotated manually by 
means of a handle extending through the lid of the bowl. 
In some applications, the use of such a mixing bowl, an 
example of which is disclosed in EP-A- 0616552 , is 

35 favoured. Many surgeons prefer to 'hand pack' the 
cement. Bowl mixing also tends to be preferred by 
nurses who are used to the convenience of mixing in this 
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vessel. A bowl is easier to use and it is important 
that the nurses feel confident, since timing is very 
crucial and the mixture must be 'right first time'. 
Many surgeons also tend to prefer bowl mixers. It is 
5 crucial that the mixture does not begin to set before it 
is applied and experienced siirgeons can tell, by touch, 
when the cement is at the right stage for applying to 
the bone cavity. 

These »bowl' mixers are in widespread use and are 

10 very popular. They are easy to use, allowing repeatable 
consistent mixing, independent of the level of skill of 
the user, and the concept of mixing used by the bowl is 
simple and is popular with nurses. The bowl type mixer 
is very flexible in that it can be used to mix all types 

15 of cement and can be used to mix varying quantities of 
cement. In bowl mixers where a high vacuum is applied, 
the cement has low porosity and thus high strength. 

In the bowl mixer of EP-A- 0616552 , which has a 
'rotating axis', as opposed to the paddle having a fixed 

20 axis, the cement is very thoroughly mixed and the 
chances of 'dead spots' or areas of unmixed cement 
occurring are very small. 

In some applications, it is preferable or even 
necessary, to apply the mixed cement to the bone or bone 

25 cavity by means of a syringe.- Indeed, many surgeons 
prefer syringe-type application to 'hand packing' . 

If, for such applications, the cement is initially 
mixed in a bowl as described above, it must then be 
transferred to a dispensing syringe. This transfer can 

30 be messy and time-consuming and may expose the mixture 
to more air entrapment . The introduction of air into 
the cement produces a weak cement, which has obvious 
di s advant age s . • 

To overcome this problem, mixing .devices have been 

35 designed which combine a mixing chamber and a syringe. 

For example, EP-A-0178658 discloses a device for mixing 
bone cement comprising a mixing container connected to a 
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feed device- A vacuum source is connected to the feed 
device for mixing the substances under vacuum. This 
device has proved to be a very efficient mixing and 
transfer system and eliminates the need to transfer the 
5 mixed cement from the mixing bowl to a syringe, 

US 4,758,096 and US 3,606,094 also disclose bone 
cement mixers in which the cement is mixed in the 
dispensing vessel itself. In the first of these 
patents, the mixing is effected manually by means of a 

10 •masher' plate- type agitator. The masher plate is 

attached to a shaft attached to a handle. The agitator- 
is moveable in the chamber both axially and rotatably to 
permit mixing of the cement by the user, moving the 
handle vertically and rotatably. However, such mixing 

15 operation is difficult and inefficient and does not 
guarantee thorough mixing of the cement. Partial 
strokes of the "masher* can lead to areas of unmixed 
powder and the mixing is not consistent, and is reliant 
on the consistency of the user. 

20 Another problem with the 'masher' type system is 

that it is difficult to mix standard viscosity cement 
using this plunger. As the plate is pushed down into 
the cement, it meets a high resistance, which can result 
in only a partial mixing stroke being carried out and 

25 the cement being compacted at the base of the mixing 
chamber . 

Other, improved mix- in- the -syringe mixers are 
disclosed in, for example, DE-C-883326 and EP-A-0744991 . 

Again, these mix- in- the -syringe mixers have become 
30 very popular and are in widespread use. 

The mix-in -the -syringe mixers are very useful where 
relatively small quantities of cement are mixed and 
used. Most mixers on the market are designed to be able 
to mix up to a 'double' mix of the highest volume cement 
35 currently in common use (e.g. Simplex Cement) . 

Several different types of cement are commonly used* 
in orthopaedic applications. These cements have very 
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different characteristics and volumes, and also have 
different viscosities. Table 1 below shows three of the 
most commonly used cement types, showing approximate 
volumes of dry powder, and the corresponding volume of 
5 mixed cement . 



Cement Volumes; 



Cement Type 


Dry Powder Volume 
mm^ 


Mixed Cement 
Volume mm^ 


SIMPLEX (USA) 


A «H A A 

JJUZ , uuu 


1—^1— r\ f-\ ^ 


PALACOS 


125, 000 


130,000 


CMW 


130,000 


139,000 



From the above table, it can be seen that cements 
15 such as SIMPLEX have a dry powder volume roughly three 

times that of other cements, to produce the same volume 

of mixed cement . 

Thus, generally, for mix- in- the -syringe mixers, the 

mixing chamber must be large enough to receive, say, a 
20 double mix of dry powder of the highest volume cement 

commonly used, even though the actual volume of mixed 

cement is considerably less. This means that generally 

the body of the syringe or the mixing chamber is, in 

fact, much larger than necessary for other types of 
25 cement, and requires a longer mixing stroke than would 

be required for the other low volume cements. 

In some cases, the surgeon will wish to prepare an 

even larger quantity of cement, e.g. a triple mix. 

Larger amounts of cement are required, for example, in a 
30 revision operation, or for certain types of primary 

hips . 

Such larger quantities can generally be mixed in a 
bowl- type mixer, as described, for example, in EP-A- 
0616552- However, with the syringe-type mixers, it is 
35 generally not possible to merely increase the dimensions 
of the mixing chamber, to allow more cement to be mixed. 




Increasing the height of the mixing chamber to 
accommodate the larger quantity of cement is not 
feasible, as this results in a device which is just too 
big to handle comfortably. The longer the chamber is, 
5 the more difficult it becomes to introduce the mixing 

paddle through the column in a correct alignment and to 
locate the paddle correctly. This is particularly so 
when the cement becomes more dense and it becomes 
extremely difficult to push the paddle down and to cause 

10 effective mixing. 

Thus, there is a need for an effective and 
efficient, easy to handle, combined mixer and syringe 
type orthopaedic cement mixer which is not iinnecessarily 
big but which is capable of mixing large, e.g. triple, 

15 mixes of cement, even when the cement used is a large 
volume cement, such as Simplex. 

One mixer which aims to deal with this problem is 
produced by Stryker (the 'Stryker mixer'), and is 
described in US patent number 5,558,136 and associated 

20 patents. This mixer comprises a funnel section, leading 
into a cylindrical syringe body mixing chamber. A mixing 
paddle extends through the funnel section and is rotated 
by means of a handle in the lid of the funnel section. 
A large quantity of powder can then be inserted into the 

25 device through the funnel. When the monomer is added, 
and the cement powder and monomer mix, the resulting 
mixture has a smaller volume which is accommodated 
within the syringe body. The funnel part may then be 
removed/ leaving a simple syringe body for attachment to 
'30 a syringe gun and nozzle. However, this device relies 
on the use of low viscosity cement which, as mixed, 
falls, under gravity, into the syringe body mixing 
chamber. It is also essential that the mixing phase is 
started straight away, as soon as the monomer is added, 

35 before the mixture starts to 'dough up' . 

A problem is that unmixed powder can be left in the 
funnel as the cement reduces, which does not fall into 
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the syringe body mixing chamber. 

This can result in the unmixed powder falling into 
the mixed cement as the funnel part is removed, 
resulting in dry or dead spots and/ thus, a brittle 
5 cement . 

Another problem is that when mixing standard 
cements or where mixing is not started straight away, 
the doughing-up cement can stick to the walls of the 
funnel and the paddle causing high wastage. 

10 EP-A-1257237 discloses an apparatus for mixing 

orthopaedic cement, comprising a first funnel or bowl 
shaped introduction chamber, removably attached to one 
end of a second cylindrical mixing chamber, adapted to 
form the body of a dispensing syringe; and a mixing 

15 mechanism comprising a rotatable shaft extending through 
the first and second chambers, the shaft having at least 
one radially extending blade. The profile of the blade 
in the first chamber tapers inwards, towards the second 
chamber, and extends into and siibst ant i ally along the 

20 length of the second chamber. This mixer, however, has 
a rather complex design, resulting in higher production 
costs, also, mixing, particularly with a fairly viscous 
cement, can be difficult in the relatively long mixing 
chamber and the mixing blade needs to be particularly 

25 strong. The shape of the device is also not 
particularly easy to hold during mixing. 

The present invention aims to provide an efficient 
and effective mixing system which can also mix 
relatively large quantities of cement. 

30 As mentioned above, the preferred cements are 

Simplex and PalacosR. Although both of these cements 
are in widespread use, it tends to be that the favoured 
cement in the US is Simplex, whereas PalacosR tends to 
be preferred in Europe. PalacosR is a much more viscous 

35 cement than Simplex. 

In prior art, so-called 'mix and dump' systems such 
as that disclosed in US patent no. 5,558,136, a vacuum 
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is applied to both the mixing chamber and the syringe, 
e.g. by means of a vacuum shroud surrounding these 
parts . Cement is then mixed in the mixing chamber which 
is, at this stage, separated from the cylindrical body 
5 of the syringe by a piston located between the opening 
at the bottom of the mixing chamber and the top of the 
syringe body . 

When the cement has been thoroughly mixed, a 
plunger is pushed downwards to release the piston from 

10 its position. The piston and the mixed cement then 

fall., \mder gravity, into the syringe until the piston 
is at the bottom of the syringe and all of the mixed 
cement has fallen into the syringe body. The mixing 
chamber is then removed and a dispensing nozzle applied 

15 in its place to enable the mixed cement to be dispensed 
by pushing the piston back up the syringe body, e.g. by 
means of a plunger or dispenser gun. 

During mixing, slight increases in the ambient 
temperature have a great effect on the viscosity of the 

20 cement, with only a few degrees increase in temperature 
causing a marked increase in the cement viscosity. A 
problem with systems which rely on the piston being held 
by friction and falling under gravity is that with more 
viscous cements, e.g. Palacos, generally, or less 

25 viscous cements such as Simplex which have become more 
viscous due to an increase in temperature, the mixed 
cement does not ' fall so readily under vacuum into the 
syringe body. Furthermore, wear, changes in 
manufacturing tolerances, etc. and loose powder 

3 0 particles or cement can hinder the piston in falling 

down to the bottom of the syringe. Thus, the 'dumping' 
stage in which the mixed cement is 'dumped' into the 
syringe body ready for delivery cannot always be 
completed effectively. 

4 

35 One aspect of the present invention aims to solve 

this problem by providing an orthopaedic cement mixing 
apparatus comprising a mixing chamber and a cylindrical 
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dispensing chamber, the mixing chamber having an outlet 
opening and the dispensing chamber having an inlet 
opening, the outlet opening and the inlet opening being 
arranged so as to allow cement mixed in the mixing 
5 chamber to pass into the dispensing chamber; closure 
means having a first position separating the outlet 
opening of the mixing chamber and the inlet opening of 
the dispensing chamber; and means for applying a vacuum 
to the mixing chamber and to the dispensing chamber; 

10 characterised in that tlie apparatus further comprises 

switching means for switching the applied vacuum between 
the mixing chamber and the dispensing chamber. 

In this arrangement, in the preferred embodiment, 
the closure means is a piston which, in its first 

15 position, is located at the top of the dispensing 

chamber which is preferably the cylindrical body of a 
dispensing syringe. The cement components are put into 
the mixing chamber and the vacuum switch is switched 
such that vacuum is applied to the mixing chamber, 

20 whilst the syringe body is at atmospheric pressure. 

Thus, the cement is thoroughly mixed under vacuum 
which avoids introduction of air which causes a brittle 
cement. At the same time, the fact that there is a 
pressure differential holds the closure or piston in 

25 place to avoid cement falling into the dispenser body. 

Once the cement is thoroughly mixed it needs to be 
•dumped' into the syringe body. Thus, the vacuum switch 
is switched such that vacuum is now applied to the 
syringe body whilst the mixing chamber is now at 

30 atmospheric pressure. This pressure differential draws 
the closure or piston down within the dispensing body to 
the bottom, and draws the mixed cement with it until all 
of the cement is located in the dispensing body or 
syringe. The mixing chamber can then be removed and a 

35 nozzle attached in its place to allow the cement to be 
dispensed by pushing the closure or piston which is now 
at the bottom of the dispensing body forwards towards 
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the nozzle. 

Such a vacuum switching mechanism could be 
incorporated into any existing 'mix and dump' type 
mixing mechanism and could be used, for example, to 
5 replace the vacuum shroud of the above -described Stryker 
system as a solution to the problems mentioned above. 

The inventors have found that this vacuum switching 
mechanism incorporated into a mix-and-dump system such 
as the Stryker system, works well with low viscosity 

10 cement such as Simplex, and at relatively low 
temperatures . 

The arrangement is an improvement on the Stryker 
system where the cement and piston fall under- gravity, 
as discussed above. However, although this aspect of 

15 the invention solves the problems of a free -falling 

piston mentioned above, at higher temperatures and/or 
with higher viscosity cements, the amount of wastage of 
cement in the mixing system is still relatively high. 
Furthermore, experience has shown that an eccentric 

2 0 mixing paddle such as in the bowl mixers described in 
the introduction to this application, e.g. that 
disclosed in EP-A- 0616552 , improves the mixing effect. 

One solution to the wastage problem, which has been 
incorporated into commercial embodiments of the Stryker 

25 mixer, is to extend the paddle on both sides of the 
shaft. The paddle rotates with the central shaft, 
during mixing, and is arranged and positioned so as to 
continually rotate around the inside of the mixing 
funnel or chamber during mixing. This has been found to 

30 reduce the amount of wastage, since the scraper does 

continually scrape around the inside wall of the mixing 
chamber scraping any mixed cement from the walls and 
depositing it downwards towards the opening between the 
mixing chamber and the syringe body. The only 

35 noticeable wastage is a small amount of cement which 

adheres to the mixing blades or paddle, and a very small 
amount adheres to the metal scraper. 



) 



- 10 - 

whilst this does provide some solution to the 
wastage problem, it does not solve the problem of the 
quality of the mixed cement. As mentioned above-, nurses 
have been found to prefer a bowl -shaped mixer and/or 
5 mixers where they can hold the top of the lid while 
rotating the handle. 

Accordingly, in accordance with a further aspect of 
the invention, there is provided an orthopaedic cement 
mixing apparatus comprising a mixing chamber and a 

10 dispensing chamber, the' mixing chamber having an outlet 
aperture and the dispensing chamber having an inlet 
aperture, the outlet aperture and the inlet aperture 
being in cement flow communication, the apparatus 
further comprising a mixing paddle extending into said 

15 mixing chamber and a rotatable handle coupled to said 
paddle by a gear mechanism arranged such that rotation 
of said handle causes said paddle to rotate about its 
own axis and also moves the axis of rotation of the 
paddle within the chamber whereby the paddle is moved 

20 around substantially the entire cement containing region 
of the interior of the chamber. Again, this particular 
mixing mechanism, which may be, for example, similar to 
that described in WO 93/10892, provides mixing quality 
advantages in any so-called ' mix -and- dump ' systems. 

25 Particular advantages are provided by the combination of 
this system with the vacuum switching arrangement of the 
first aspect of the invention. In the most preferred 
embodiment, the mixing chamber is a bowl mixer again as 
described in WO 93/10892 since, as mentioned above, such 

30 chambers are easier to handle due to its bowl shape and 
also because users can hold the lid with one hand and 
turn the handle with the other. The combination of the 
first and second aspects of the invention provide a mix- 
and-dump type system which mixes the cement more 

35 thoroughly and provides a better quality of cement and 
which also has an improved 'dumping* mechanism over the 
free-fall system described above. 
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This particular arrangement, with an off -centred 
mixing system, such as in the bowl mixer described in 
EP-A- 0 616552 , has proved to provide a much better 
quality mixed cement generally and, in particular, for 
5 Palacos and cement when mixed at higher temperatures, 
i.e. higher viscosity cement. 

Although, with the off -centred mixing arrangement 
described above, the amount of wastage is relatively 
small/ it was still found to be higher than with the 

10 Stryker system provided with the extended paddle as 

described above. The off -centred paddle of EP-A-0616552 
has a paddle which extends radially all the way to the 
inner surface of the bowl and scrapes cement of the 
sides and directs it down towards the bottom to be 

15 brought into the mixture. However, the main purpose of 
this feature of the paddle extending out to the sides of 
the bowl was, rather, to cause iinmixed powder to drop 
down from the sides of the bowl into the cement, and to 
cut through the cement during mixing to improve the 

20 quality of the mix. Such a paddle, due to the fact that 
the mixing paddle rotates about its own axis as it 
rotates around the bowl, does not continuously scrape 
around the inside of the bowl but, rather, touches the 
inside surface of the bowl and then moves away, 

25 continually/ leaving a crenulated pattern of cement 
residue remaining on the inside of the bowl. 

In order to resolve this problem, the present 
invention, according to a third aspect, provides an 
orthopaedic cement mixing apparatus comprising a mixihg 

30 chamber, a mixing paddle extending into said chamber and 
a rotatable handle coupled to said paddle by a gear 
mechanism arranged such that rotation of said handle 
causes said paddle to rotate about its own axis and also 
move the axis of rotation of the paddle within the 

35 chamber whereby the paddle is moved around substantially 
the entire cement containing region of the interior of 
the chamber; characterised by a scraper element 
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connected to said gear mechanism so as to rotate with 
the axis of rotation of the paddle in the same or in the 
opposite direction. The shape of the scraper is 
preferably such that it extends radially from the gear 
mechanism to the inside wall of the mixing chamber and 
extends axial ly to conform to the shape of the inside 
wall of the mixing chamber. Thus, as the rotating 
paddle rotates around the bowl and around its own axis, 
the scraper rotates around the inside wall of the mixing 
chamber scraping cement from the inside wall . 

This particular paddle and scraper arrangement will 
find advantages in all types of mixing apparatus such as 
the hand-held bowl described in WO 93/10892. The paddle 
and scraper arrangement can be advantageously 
incorporated into the mixing chamber of any of the 
above-mentioned mix-and-dump systems. 

It has been found that, with the preferred design 
of the scraper, the scraper not only scrapes cement of 
the side walls of the mixing chamber, thus reducing 
wastage, but also contributes to the mixing effect 
improving the quality of the mixed cement. 

Tests found, using such an arrangement, that there 
was hardly any wastage on the inside of the mixing 
chamber, with only a small amount of wastage on the main 
paddle . 

In a 'mix-and-dump' system, the cement is first 
mixed in a mixing chamber and is then 'dumped' down into 
the cylindrical syringe body ready to be dispensed by 
means of the syringe. 

As described above, in the previous systems, such 
as that described in US 5,558,136, during mixing, a 
piston is located and held to seal off the central 
opening in the bottom of the mixing bowl, where this is 
attached to the syringe body. Then, once the cement is 
mixed, the piston is released -by means of a plunger, for 
example, out of its fixed position and then drops down 
to the bottom of the syringe under gravity and the 
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weight of the cement. . In the alternative embodiment 
using the first aspect of the present invention, the 
piston does not fall under gravity but, rather, begins 
to fall as the vacuum is switched from the mixing 
chamber to the syringe body, the piston then being drawn 
under vacuum to the bottom of the syringe. 

One problem with this arrangement is that the 
piston was held in place between the mixing chamber and 
the syringe by friction until the vacuum is applied and 
then drops down to the bottom of the syringe. This 
friction arrangement requires very precise dimensions 
and fitting and can be affected by aging, sterilising 
processes, etc. which commonly occur in such systems. 
Thus, because of these effects, the piston might not 
drop down when needed or, alternatively may drop down 
when not required, e.g. during transportation. 

In accordance with a further aspect, the present 
invention provides a solution to this problem by 
providing an orthopaedic cement mixing apparatus 
comprising a mixing chamber and a dispensing chamber, 
the mixing chamber having an outlet aperture and the 
dispensing chamber having an inlet aperture, the inlet 
aperture and the outlet aperture being in cement flow 
communication, and further comprising closure means 
which, in a first position, separates the outlet 
aperture from the inlet aperture preventing flow of 
cement from the mixing chamber to the dispensing 
chamber; characterized in that the closure means is held 
in its first position by a releasable fastening means. 
The releasable fastening means may be, for example, a 
removable pin which passed through the fall of the 
dispensing chamber and into the closure, e.g. a piston 
as described above. When the pin is removed by the 
user, the closure, e.g. a piston, is then free to f^ll, 
either under gravity or under the pressure differential 
as described in relation to the second embodiment of the 
present invention, to the bottom of the dispensing 
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chamber. In another embodiment, the releasable 
fastening means is provided by an 0-ring which is 
dimensioned such that it provides a friction grip 
between the closure wall and the inner wall of the 
5 dispensing chamber. With this arrangement, the closure, 
which is preferably a piston, which falls to the bottom 
of the dispensing chamber and is used then to dispense 
the mixed cement, is fairly lightweight and not 
particularly strong • The problem, therefore, is that 

10 when the piston is used in the reversed direction to 

push the mdxed cement out of the dispensing chamber, it 
is not strong enough to push the relatively thick cement 
forwards. Thus, the O-ring, in the preferred embodiment 
is adapted such that when it reaches the bottom of the 

15 dispensing chamber, it engages with a further component, 
e. g. a collar or a further piston, to force the O-ring 
radially outwards to form a tighter seal with the inner 
wall of the syringe. 

Again, this particular closure arrangement can be 

2 0 used with any of the known mix- and- dump systems 

discussed above. However, it is preferably used in 
combination with systems wherein, the mixing chamber and 
the dispensing chamber are simultaneously, during the 
whole mixing and dumping process, imder a vacuum, rather 

25 than in systems where the vacuum is switched between the 
chambers, because the O-ring, in the first position, 
does not provide an air-tight seal and there is, then, a 
risk of air leaking into the cement. 

In the preferred embodiment of the O-ring feature, 

30 the closure or piston is provided with a light seal or 

an O-ring sufficient to hold the piston in place between 
the mixing chamber and the syringe. When vacuum is 
applied, after mixing, the piston then falls down to the 
bottom of the syringe where a further component is 

35 provided which engages with the piston and the O-ring to 
press out the O-ring to form a tighter seal with the 
inner wall of the syringe so that when the piston and 
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this additional component are then pushed upwards by the 
delivery gun to dispense the cement/ a tighter seal is 
provided . 

Whilst this arrangement was an improvement on 
5 existing systems, it was found, however, that this seal 
did not hold in place securely enough at the top of the 
syringe during transportation . 

Further ideas were then considered as to how best 
to hold the piston in place between the mixing chamber 

10 and the syringe during mixing. Several ideas were 
suggested such as locking pins, locking tabs, etc. 
None of these were, however, considered to be ideal. 

Further development led to the idea of not having 
the piston located at the top between the mixing chamber 

15 and the syringe but, rather, merely to have the piston 
located at the bottom of the syringe for dispensing the 
mixed cement (as in the mixer described in WO 95/22402) . 
In that case the piston can be a solid, robust piston 
sufficient to force out mixed cement through a nozzle, 

20 but which does not need to be light enough to fall under 
gravity or to be drawn down under a vacuum. 

Of course, it is then necessary to have some sort 
of means to hold the cement in the mixing chamber during 
mixing and prevent it falling down into the syringe, but 

25 ■ then to allow the mixed cement to fall into the syringe. 

A solution to these problems was found according to 
a further aspect of the present invention which provides 
an orthopaedic cement mixing apparatus comprising a 
mixing chamber and a dispensing chamber, the mixing 

30 chamber having an outlet aperture and the dispensing 

chamber having an inlet aperture, the inlet aperture and 
the outlet aperture being in cement flow communication, 
and further comprising closure means for separating the 
inlet aperture and the outlet aperture to prevent the 

35 flow of cement from the mixing chamber to the dispensing 
chamber, wherein the closure means is moveable between a 
closed position whereby flow of cement from the mixing 
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chamber to the dispensing chamber is prevented and an 
open position whereby cement can flow from the mixing 
chamber to the dispensing chamber. 

one possible closure is a -trap door- arrangement, 
whereby cement is mixed in the mixing chamber which is 
closed, at the bottom, by a slidable closure which can 
then be opened or removed when the cement is mixed and 
the cement then drops down into the syringe. 

One embodiment uses a pull-out trap door design, 
wherein the closure comprises a plate slidably located 
between, the mixing chamber and the dispensing chamber, 
the plate having a closed portion which, in its closed 
position, prevents the flow of cement from the mixing 
chamber to the dispensing chamber, and an aperture 
portion, which aligns with the outlet aperture and the 
inlet aperture to allow cement flow therethrough, the 
plate being slidably located such that the user can pull 
the plate to a first position whereby the closed portion 
IS located between the inlet aperture and the outlet 
aperture, and a second position wherein the aperture is 
located between the inlet aperture and the outlet 
aperture . The plate may be provided with a handle or 
pull ring for ease of use. 

One problem with this embodiment, however, is that 
it requires manufacture and supply of an extra 
component, which, of course, increases costs and, 
furthermore, the plate could be completely removed and 
lost. Also, the plate clearly adds to the outer 
dimensions of the mixing apparatus. 

In the currently preferred embodiment, therefore, 
the closure is a tap defining a channel or passage 
therethrough, which fits between the mixing chamber and 
the dispensing chamber. During mixing, the channel or 
passage is located our of communication with the outlet 
aperture of the mixing chamber and the inlet aperture of 
the dispensing chamber. After mixing, the tap is ' 
rotated by a switch or handle extending to the outside 
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of the apparatus so that the channel or passage is 
aligned with the outlet of the mixing chamber and the 
inlet of the dispensing chamber so that the cement can 
then fall from the mixing chamber through that channel, 
into the dispenser. 

In another embodiment, instead of a tap, a ball 
with a holder through could be used as the closure, 
again. located between the mixing chamber and the 
dispensing chamber. During mixing, the channel or 
passage is located out of communication with the outlet 
aperture of the mixing chamber and/or the inlet aperture 
of the dispensing chamber. After mixing, the ball is 
rotated by a handle so that the hole is aligned with the 
outlet of the mixing chamber and the inlet of the . 
dispensing chamber allowing cement to fall through from 
the mixing chamber to the dispensing chamber. 

Again, it is envisaged that these closure 
arrangements could be incorporated into any mix-and-dump 
system and provide advantages . 

With such an arrangement, however, the vacuum 
switching mechanism described at the beginning is not 
really ideal since, during mixing, air could come into 
the mixing chamber from the syringe, if the tap or ball 
is not completely sealed. Thus, with this arrangement, 
ideally a vacuum would need to be applied to the whole 
device for the whole time, i.e. to the mixing chamber 
and to the syringe both during mixing and dumping. 

Thus, the preferred device combines the off-centre 
mixing arrangement of the earlier Summit bowl described 
in WO 93/10892, together with the counter- rotating 
paddle and scraper and has the ball closure and has 
vacuum applied both to the mixing chamber and the 
syringe . 

Preferred embodiments of the invention will now be 
described, by way of example only, with reference to the 
accompanying drawings. 

Figure 1 shows a first embodiment of a mixing 
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apparatus according to the present invention; 

Figure 2 shows the piston clos\ire arrangement of an 

embodiment of the present inventions- 
Figure 3 shows an alternative piston arrangement to 

that of Figure 2 ; 

Figure 4 shows yet a further piston arrangement; 
Figure 5 shows an outside view of the arrangement 
of Figure 4; 

Figure 6 shows one embodiment of a closure 
mechanism according to one aspect of the invention; and 

Figure 7 shows a cross-section of a further 
embodiment of the device with a different closure 
arrangement ; 

Figures 8A and 8B show views of an embodiment of a 
closure ; and 

Figures 8C and 8D show the closure of Figures 8A 
and 8B located in a mixer respectively in its closed and 
open positions; 

Figure 9 shows a cross -sect ion of a mixer with the 
tap closure in an open position; 

Figure 10 shows a cross-section of a mixer with the 
tap closure in a closed position; 

Figure 11 shows a collar for housing a closure; 
Figure 12 shows a mixing chamber adapted for use 
with the collar of Figure 11; 

Figures 13A and 13B show another embodiment of a 
mixer with the closure in open and closed positions 
respectively; and 

Figures 14 A and 14B show, respectively, a 
sectional and a top perspective view of a mixer 
according to a preferred embodiment. 

Referring first to Figure l, the mixing apparatus 
comprises a first bowl -shaped mixing chamber 1 and a 
second, cylindrical mixing chamber 2. A mixing paddle 3 
extends through the mixing chamber comprising at least 
one blade supported by a rotatable shaft 4. The shaft, 
and, therefore, the mixing paddle, is rotated by means 
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of a handle 5. The handle is mounted in a lid 6 adapted 
to be sealingly fitted onto the top of the fxinnel 1. A 
gear mechanism 7 is provided to cause rotation of the 
shaft 4. about its own axis, as well as rotation of the 
5 shaft axis around the mixing chambers. 

The preferred gear mechanism comprises a fixed, 
circular, toothed rack 8 arranged coaxially with respect 
to the rotation axis of the handle 5, and provided on 
the \inderside of the lid 6, The mixing paddle 3 

10 comprises radially extending mixing blades 9, mounted on 
the shaft 4= The shaft 4 is rotatably mounted, at one 
end, into the handle 5. A cog-wheel 10 is fixedly 
attached to the upper part of the shaft 4 for 
intermeshing engagement with the toothed rack 8 . 

15 The lid is preferably also provided with a vacuum 

port (not shown) for connection to a vacuum pump (not 
shown) . The lid 6 is preferably provided with a seal 11 
for sealing between the lid 6 and the rim of the mixing 
chamber 1, Locking means (not shown) may also be 

2 0 provided between the lid 6 and the mixing chamber 4 and 
these means will be discussed further below. 

The mixing chamber 1 is fitted over one end of the 
mixing cylinder 2 in a sealing engagement. The 
connection may be by means of a pushf it or a screw 

25 thread, for example. 

In the embodiment shown, a plunger 12 for ejecting 
the mixed cement is slidingly located between the mixing 
chamber and 2 . In an alternative embodiment described 
in relation to Figures 5, 6 and 7, the plunger 12 is 

30 slidingly located at the other end of the cylinder 2. 
This 'other' end of the cylinder 2 is adapted to be 
received in a stand 13 and may be secured to the stand 
by corresponding screw threads. A seal may also be 
provided between the cylinder body 1 and the stand 13 . 

35 Vacuum is applied to the mixing chamber via a port 

in the lid and is applied to the dispensing syringe via 
a port in the stand. A switching arrangement is 
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provided in the vacuum line to allow the vacuum to be 
selectively applied to the mixing chamber and to the 
dispensing chamber or syringe. 

The method of use of the mixing apparatus will now 
be described. 

The mixing apparatus is provided to the user in 
assembled form, as shown in Fig. i. 

In one embodiment, the apparatus is provided as a 
pre-filled device, i.e. the cement is already provided 
in the mixer, e.g. in a closed bag or some other 
retaining means. 

In the case of the pre-filled container, the closed 
bag or retaining means is removed, leaving the cement in 
the chamber . 

Alternatively, where the mixer is not pre-filled, 
the lid 6 and attached mixing arrangement is removed, 
and the cement powder is inserted into the mixing 
chamber . 

The bowl shape allows a greater volume of dry 
cement powder to be accommodated and the wider top part 
makes the introduction of cement without spillage, 
easier. 

The monomer anqpoule is then broken and added to the 
cement in the mixing chamber and the lid is replaced in 
sealing engagement with the open mouth of the chamber. 

Where the mixing is carried out under vacuum, the 
vacuum port is connected via a length of PVC tubing (not 
shown) to the vacuum pump to create a vacuum. In this 
first embodiment, the vacuum switch is switched to apply 
vacuum to the mixing chamber, whilst the dispensing 
chamber is at atmospheric pressure. In other 
embodiments vacuum is applied to both chambers. Mixing 
of the cement components is then carried out by rotation 
of the handle 5 by the user. The complete mixing 
apparatus may be held in the hand or may be placed in 
the base 13 and • supported on a flat " surface such as a 
table. 



Wastage is reduced and the mixing effect is 
improved by the additional scraper paddle 14 shown most 
clearly in Figs. 14A and 14B. The scraper paddle should 
have a relatively thin profile to cut through the cement 
but is shaped in the form of a paddle so as to assist in 
mixing, and, further, to extend out to the inner wall of 
the bowl to scrape cement from the bowl surface. The 
scraper paddle is attached to the gear mechanism 7 such 
that as the handle 5 is rotated, during mixing, the 
scraper paddle rotates around the mixing bowl in 
counter -rotation v/ith the m.ixing paddle shaft 4, Thus,- 
the scraper paddle is shaped so as to have a radially 
outer curve which essentially follows the shape of the 
inside surface of the bowl 1 and a radially inner 
profile which is curved so as to pass by the paddle 3 
during rotation. 

The profile of the mixing blade 9 in. the mixing 
chamber 1 is such that it will push the cement powder 
down towards the bottom of the mixing chamber, as the 
components are mixed. As the two components mix, the 
volume of cement reduces and when completely mixed, the 
cement will be capable- of being accommodated within the 
cylindrical chamber 2 . 

With the rotating axis arrangement, the operator 
rotates the handle 5 which causes planetary movement of 
the' shaft 4 about its central axis and, at the same 
time, causes the cog-wheel 10 to mesh with the rack 8 so 
as to drive the cog-wheel, producing rotation of a 
paddle about the axis of the shaft. Thus, due to the 
gear mechanism provided by the toothed rack and the cog- 
wheel, rotation of the handle causes the paddle to move 
around the mixing chamber in planetary fashion and, at 
the same time, to rotate about its own axis. 

Such a mechanism enables the paddle to rotate 
several times for each turn of the handle and results in 
a more than 90% coverage of the mixing chamber area. 
Preferably, one rotation of the handle does not cause a 
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whole number of rotations of the paddle, so the paddle 
is in a different orientation at the beginning and end 
of a particular cycle of the axial movement. This helps 
to avoid dead spots being fonned in the cement and 
improves mixing. In the preferred embodiment, this is 
further improved by the scraper paddle. 

Once the cement is thoroughly mixed (the surgeon 
can visually monitor this by viewing through the 
transparent walls of the container or through a viewing 
window provided in the container, and an es^perienced 
surgeon will also be able to tell by the resistance of 
the cement to mixing, whether the cement is ready) , it 
is "dumped" into the dispensing chamber or syringe body. 
In the embodiment shown in Figure 1, this is done by 
switching the vacuum from the mixing chamber 1 to the 
dispensing chamber 2. The mixing chamber is then at 
atmospheric pressure and the pressure differential is 
sufficient to draw the piston or plunger 12 between the 
mixing chamber and the dispensing chamber, and the mixed 
cement down into the body of the dispensing chamber 
until the piston or plunger reaches its end position at 
the bottom of the dispensing chamber. In other 
embodiments, as will described in relation to the other 
figures, a closure 15 between the mixing chamber 1 and 
the dispensing chamber 2 will be removed or opened 
providing a passage from the outlet 16 of the mixing 
chamber through the inlet 17 of the dispensing chamber 
through which the mixed cement falls. Once the mixed 
cement has all been 'dumped' into the syringe body, the 
mixing chamber 1, the lid 6 and the mixing paddle 3 are 
removed from the cylindrical mixing chamber 2 and are 
replaced by a dispensing nozzle. 

Whilst all of these parts can be removed 
individually, in the preferred embodiment, the lid, to 
which the mixing mechanism is already attached, is 
provided with a locking arrangement to lock it to the 
mixing chamber part 1, so that these parts can all be 
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removed together. This reduces the risk of any 
remaining unmixed cement powder in the top part of the 
mixing chamber 1 falling into the mixed cement. A blade 
wiping slot may be introduced between the mixing bowl 
and the syringe, through which the blade is drawn as it 
is removed, to ensure that all the mixed cement remains 
in the cylindrical chamber 2 , 

An applicator nozzle (not shown) is then attached 
to the open end of the cylindrical chamber 2, from which 
the mixing chamber 1 has been removed. The cylindrical 
chamber 2 is also removed from the base 13, if the base 
has been used. The mixed cement is then forced through 
the nozzle under the action of the plunger 12, to be 
applied to the appropriate site. Different types of 
plunger may be used to force the cement out through the 
nozzle, for example a hand-operated gun may be used or a 
gas powered pressure gun. The dispensing mechanism may 
be as described in, for example, EP-A-0744991 . 

Figures 2, 3 and 4 show different piston 
arrangements which can be used where the piston 12 
provides the closure between the mixing chamber 1 and 
the dispensing chamber 2 during mixing and whereby that 
piston must, therefore, be held in place, in a first, 
closure position during mixing. After mixing, the 
piston 12 then slides down the body of the dispensing 
chamber iintil it is located at the bottom of that 
chamber to act as a piston for ejecting the mixed 
cement • 

In the embodiment shown in Figure 2, the closure or 
piston is provided with an O-ring 18 and a collar 19 
arrangement as shown in Figure 2A', In the first, 
closure position, the O-ring 18 is adapted to operate 
light radial pressure to seal against the* vacuum in the 
mixing chamber. The piston is then light enough to fall 
down to the bottom of the chamber with the mixed cement . 
However, such a light piston arrangement is not 
sufficient to force out the mixed cement and, therefore. 
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this embodiment is provided with the collar 19 component 
which, when the piston reaches its bottom position, adds 
to squash against the O-ring causing a greater radial 
pressure of the O-ring, outwards, forcing the seal into 
a tighter sealing engagement with the inner walls of the 
syringe body providing a stronger piston unit to push 
against the cement. 

The embodiment shown in Figure 3 is similar to that 
of Figure 2, but the engagement of the collar 19 and the 
piston 12 is slightly different , 

In Figure 4, a spacer 2 0 (which can be seen m.ore 
clearly in Figure 5) is provided to hold the piston 12 
in place during transit. When the apparatus is ready to 
be used, the user removes the spacer and the piston is 
then forced upwards sealing against the bottom of the 
mixing chamber. The O-ring 18 stiction is relieved 
against the syringe. After mixing, the syringe then 
falls due to the vacuum switching as described above. 

In a further embodiment, as described above, the 
piston is not located at the top of the syringe body 
during mixing and does not provide the closure between 
the mixing chamber and the syringe body. Instead, a 
separate closure 15 is provided between the mixing 
chamber and the syringe body and the piston 12 itself is 
located, during mixing, at the bottom of the syringe 
body . 

Figure 6 shows one embodiment of a closure 
arrangement in the form of a slidable plate 15^ having a 
closed portion 15' ' and an open portion 15 ' ' ' . Whilst 
the cement is being mixed in the mixing chamber, the 
plate is positioned such that the closed portion lies 
between the mixing chamber and the syringe body. Once 
the cement is thoroughly mixed, the user moves the 
plate, preferably by pulling a pull ring 21, to its 
second position in which the open part of the plate lies 
between the mixing chamber and the syringe body as shown 
in Figure 5B. The mixed cement can then flow from the 
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mixing chamber into the dispensing chamber through the 
open portion of the plate . In order to avoid air being 
mixed into the cement, the plate should be provided with 
a seal on the top and bottom. 

Whilst such an arrangement is robust whilst the 
apparatus is being transported, the moulding of this 
part is relatively complex, as is the sealing 
arrangement, and there is the potential of leakage with 
such a seal • 

Figure 7 shows a preferred closure arrangement 
comprising a rotatable tap m.ember 15^ and means for 
rotating the tap between a first, closed position where 
the tap covers the mixing chamber outlet and/or 
dispensing chamber inlet, and in which cement cannot 
flow from the mixing chamber through to the syringe and 
a second position in which a passage is aligned with the 
outlet aperture of the mixing chamber and the inlet 
aperture of the dispensing chamber to provide a passage 
for the cement to flow from the mixing chamber to the 
dispensing chamber. 

In the preferred embodiment, as shown in Fig. 7, 

the tap arrangement is mounted in a collar or housing 

which fits between the mixing chamber and the dispensing 

chamber. Fig. 7 shows the tap 15^ and its housing 22 in 

position between the mixing chamber and the dispensing 

chamber'. As can be seen, a handle or switch 23 is 

provided, attached to the tap, and extending through the 

housing or collar to be operated by the user. The 

actual tap member itself is shown in Figs. 8A, 8B and, 

in position, in Figs. 8C and 8D and is, essentially, a 

C- shaped component rotatable about an axis. Fig. 9 

shows the tap member 15^ in its closed position, whereby 

the cuirve of the C- shape provides a closure across the 

mixing chamber outlet aperture to prevent cement exiting 

« 

through that aperture. After mixing, the switch or 
handle 22 is rotated by the user to the open position as 
shown in Fig. 10, whereby the curve of the C rotates out 



of engagement with the aperture and the C- shape then 
defines a channel or passage betvfeen the outlet aperture 
of the mixing chamber and the inlet aperture of the 
dispensing chamber. 

Preferably, seals 24 are provided around the outlet 
aperture of the mixing chamber and where the switch or 
handle passes through the wall of the collar or housing 
of the tap member. 

Fig. 11 shows a schematic view of the collar 22 or 
housing for the tap member. Ribs or grooves 25 may be 
provided for locating the axis of the tap member = 

Fig. 12 shows the bottom of the mixing chamber in a 
preferred embodiment. Again, locating ribs or grooves 
26 are provided for engagement with the locating grooves 
of the collar or housing of the tap member. A switch 
stop 27 may be provided to prevent over-rotation of the 
switch or handle beyond the 90^ rotation required to 
move the tap from its open to its closed position. 

As shown in Figs. 13A and 13B, different dimensions 
may be provided such that, for example, the outlet 
aperture 16 of the mixing chamber is smaller than the 
diameter of the passageway formed by the tap and the 
inlet aperture 17 of the dispensing chamber. This 
allows cement to be dumped from the mixing chamber to 
the dispensing chamber through the passage without too 
much cement touching the walls of the tap mechanism and 
the top of the syringe, thus reducing wastage and 
preventing cement adversely affecting the tap mechanism. 

Pigs. 13A and 13B show schematic views of the tap 
in its own and closed positions, respectively. 

In this arrangement, it is preferred that a vacuum 
is applied to the mixing chamber and to the dispensing 
chamber and syringe base during both mixing and dumping. 

The fact that the bowl -shaped mixing chamber 1 is 
used in combination with the syringe chamber 2, allows 
larger quantities of cement to be mixed, and the 
cylindrical mixing chamber 2, which forms the body of 
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the dispensing syringe, need only be large enough to 
accommodate the mixed cement volume. This can, when 
cements such as Simplex are used, be considerably less 
than the unmixed volume . 
5 It is envisaged that different syringe sizes can be 

used in this invention, according to the different 
volumes and types of cement being used. This provides 
greater flexibility to the user emd optimises the 
syringe body size. Essentially, using the present 

10 invention, the shortest possible syringe body size can 
be used for the maximum desired quantity of mixed 
cement. It is envisaged that existing syringe bodies 
could be used with the present invention. 

The present arrangement thus results in a mixing 

15 apparatus in which large quantities of cement can be 
efficiently and thoroughly mixed and dispensed- The 
system is easy to use, and uses a familiar mixing 
motion, popular with users. 
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